Objective: Multislice computed tomography (MSCT) is currently discussed as a potential tool for procedure planning in endoscopic heart surgery. We aimed to assess the influence of various thoracic measurements on operative times in arrested heart totally endoscopic coronary artery bypass grafting (AHTECAB).
I N T R O D U C T I O N
The 16-channel multislice computed tomography (MSCT) provides a new, non-invasive cardiovascular imaging modality which has already created new perspectives for cardiac surgery and cardiology in the past few years. CT scans have been discussed as a means of anatomic procedure planning in endoscopic cardiac surgery.
Advanced 16-channel MSCT technology provides high spatial and temporal resolution which allows an assessment of small diameter vessels such as coronary arteries and internal mammary arteries. Beyond this fact, by use of retrospective ECG-gating, nearly motion-artifact free imaging is feasible. Coronary MSCT angiography has been shown to detect significant coronary artery stenoses with acceptable sensitivity and specificity and allows atherosclerotic plaque morphology characterization [Kuettner 2004 , Leber 2004 , Mollet 2004 . Aside, MSCT permits noninvasive diagnosis of coronary artery disease by quantification of coronary calcium [Becker 1999, Kopp 2004] . In cardiac surgery, MSCT can be used to assess coronary artery bypass graft patency, and to preoperatively evaluate the patients before redo CABG, MIDCAB, and total endoscopic CABG (TECAB) [Cremer 1998 , Dewey 2003 , Niemann 2003 , Yoo 2003 , Demaria 2004 , Herzog 2004 , Martuscelli 2004 , Schlosser 2004 .
The aim of this study was to assess the influence of various thoracic measurements performed using ECG-gated coronary MSCT angiography, on operative times in arrested heart total endoscopic coronary artery bypass grafting (AHTECAB).
PAT I E N T S A N D M E T H O D S
The patient characteristics and operative times are summarized in Tables 1 and 2 .
Operative Technique
From October 2001 to December 2004, 34 patients underwent AHTECAB. All AHTECABs were single left internal mammary artery (LIMA) to left anterior descending artery (LAD) bypass operations using the da Vinci telemanipulation system (Intuitive Inc., CA). Cardiopulmonary bypass was conducted using the ESTECH remote access perfusion system (ESTECH Inc., CA) via cannulation of the left femoral artery. A 23, 25, or 27 F venous return cannula (Biomedicus, Medtronic Inc.) was placed into the left femoral vein. After balloon endoocclusion of the ascending aorta, cardioplegia was performed with St. Thomas solution. The anastomosis
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was carried out in a completely endoscopic fashion using 7/0 Pronova (Ethicon). The detailed operative technique has been described by us previously [Bonatti 2004 , Schachner 2004 .
MSCT Examination Protocol
Contrast-enhanced MSCT was performed using a 16-channel MSCT scanner (Sensation 16(tm), Siemens Inc., Germany) with the following scan protocol: 16 × 0.75 mm collimation, table feed 6.7 mm/second, gantry rotation time 0.42 second, tube current 500 eff. mAs at tube voltage 120 kV. Radiation dose was approximately 4-5 mSv. 80-100 ml iodine contrast agent (Visipaque 320, Amersham Health) was injected intravenously into an antecubital vein with a 20 gauge cannula and flow rate of 3-4 mL/second by use of a power injector (Urich Inc., Ulm, Germany). Scan delay was calculated by measuring CT attenuation values in the ascending aorta with a dedicated software (DynEva, Siemens) after the injection of a 20 mL test bolus contrast agent (+ 20 mL saline chaser); the time point of the highest CT attenuation was taken as scan delay. Scan direction was craniocaudally during one single inspiratory breathhold of 20-28 seconds. If the heart rate was >80 bpm, a beta receptor blocker (1-5 mg metoprololtartrat, Beloc) was given intravenously in order to lower heart rate. The heart rate at the time of examination was 64 (45-89) bpm, and all patients had sinus rhythm. The scan ranged from the aortic arch to the basis cordis. Exclusion criteria were renal dysfunction or other contraindications for application of iodine contrast agent (e.g., known allergy, thyroid disorder).
MSCT Image Reconstruction and Analysis
The acquired data set was referenced retrospectively to the ECG-signal, image reconstruction window was set at mid-end diastole (60% of RR-interval) depending on the heart rate. Transaxial slices were generated with an increment of 0.4 (medium convolution kernel B 35 f and smooth convolution kernel B 10 f) and transferred to a dedicated off-line workstation (Leonardo, Siemens Inc., Germany). 3D images were reconstructed with multiplanar reformation (MPR) technique and reviewed by an experienced observer (G.F., Figure 1 ).
Definitions of Thoracic Measurements and Operative Times
The distance between LIMA and LAD was measured at 4 transversal images (origin of the first diagonal branch of the LAD (I), aortic valve level (II), mitral valve level (III), and basis cordis (IV)). Compare Figure 2 .
The anterior posterior thoracic diameter was measured at the level of the pulmonary artery bifurcation between the posterior wall of the sternum and the anterior wall of the corpus vertebrae. The thoracic ratio was calculated by the division of anterior posterior thoracic diameter/transverse thoracic diameter. The cardiac rotation to the left was defined as the angle between the interventricular septum and the median sagittal line. See Figure 2 .
The anastomotic time was calculated from the first stitch of the anastomosis until completion of the last suture knot. The AHTECAB duration was calculated from the beginning of the port placement until completion of the port closure.
Statistical Analysis
Statistical calculations were performed on SPSS 10.0 statistical software package (SPSS Inc, Chicago, Ill). Continuous The Heart Surgery Forum #2005-1135 variables are given as median and range, and categorical variables are given as absolute values and percentages. For calculation of regression curves models with linear curve fit were applied. Correlations were calculated using Pearson's correlation coefficient (r).
R E S U LT S
The various thoracic measurements are listed in Table 3 . The LIMA to LAD distance I (at the origin of first diagonal branch of LAD) significantly correlated with the anastomotic time (P = .025, r = .396, Figure 3 ).
An increased LIMA to LAD distance III (at mitral valve level) was associated with an increased anastomotic time (P = .042, r = .356, Figure 4) .
The following additional correlation was found: The more the heart was rotated to the left side, the shorter was the cardiopulmonary bypass time (P = .016, r = -.451, Figure 5 ).
The LIMA to LAD distances II and IV, the minimum LIMA to LAD distance, the anterior posterior thoracic diameter, and the thoracic ratio were not associated with either cardiopulmonary bypass time, aortic endoocclusion time, anastomotic time, LIMA harvesting time, or AHTECAB duration.
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D I S C U S S I O N
Endoscopic techniques have undergone a rapid evolution in cardiac surgery during the last years [Kappert 2001 , Mohr 2001 , Dogan 2002 , Bonatti 2004 . Robotic technology, such as the da Vinci telemanipulator, enables total endoscopic cardiac surgery. Both, beating heart and arrested heart approaches, have been successfully performed. At our institution we favor the arrested heart approach using remote access perfusion via the femoral vessels. Since TECAB is quite a complex procedure, preoperative patient evaluation is essential. MSCT gives a detailed structural information of the thoracic anatomy. First, assessment of the ascending aortic diameter and severity of aortic atherosclerosis is required for the decision if remote access perfusion is feasible or a beating heart TECAB (BHTECAB) has to be conducted. An ascending aortic dilatation and severe atherosclerosis of the aorta are contraindications for the use of femoral access perfusion devices with balloon carrying catheter tips. Second, an intramyocardial course of the LAD can be displayed by MSCT, a fact which may influence the selection of the anastomotic site. However, there is much information for the cardiac surgeon left to be extracted from MSCT.
Preoperative localization of the LIMA by computed tomography has been shown advantageous for adaptation of the minithoracotomy site in MIDCAB [Gulbins 1998 , Caimmi 2004 . In our series the LIMA to LAD distance appeared to be a thoracic distance which was associated with prolonged anastomotic time in AHTECAB. The LIMA to LAD distance was typically longer when there was more fatty tissue between the heart and the sternum (i.e., epicardial fat and tissue in the anterior mediastinum). A more difficult access to a LAD, which is surrounded by a lot of fat, is theoretically one reason why the anastomotic time was longer in patients with a longer LIMA to LAD distance. Another explanation is that if the LIMA is located closer to the LAD the bypass conduit can be placed next to the target vessel easier and without disturbing tensions.
Moreover, we found that an increased rotation of the heart to the left was associated with a decreased cardiopulmonary bypass time. One possible explanation is that endoscopic surgical maneuvers and inspection of the anastomotic site during reperfusion is easier with the heart rotated toward the 3D camera. Additionally, with an increased rotation to the left the apex moves away from the ribs, thus giving more space for the surgeon.
One limitation of this study is the fact that LIMA to LAD distances change with an arrested and unloaded heart. Nevertheless the intersubject difference remains, and influences of the patients anatomy on the operation can be estimated.
C O N C LU S I O N
MSCT is a promising tool in preoperative evaluation of patients and has the potential to predict operative times in AHTECAB. 
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